I. Introduction It is well known that new experimental discoveries often closely follow the development of new technology. There is hardly a better example of this than the close coupling between new discoveries in the frontiers of elementary particle physics and the development of the art and science of making high-energy accelerators. It is almost twenty-five years since the construction of the Bevatron made possible the discovery of the antiproton; and, since that time our knowledge and understanding of particle physics has made enormous strides in step with new developments in both the accelerator and the detector arts. It is therefore with pleasure and gratitude that I, a particle physicist, attempt here to document how intimately many of the recent advances have been tied to your success in the development of storage rings and colliding beams.
The history of the development of storage rings is something you know much better than I. As far as I know, the earliest particle physics results from storage rings were tests of quantum electrodynamics obtairel in 1965 by the Stanford-Princeton Collaboration on its 300X 300 MeV e e storage ring. Hadron production in e+e collisions became the topic of primary interest in electron-positron storage rings shortly thereafter and was investigated at medium energies by machines at Orsay and Novosibirsk and at higher energies by Adone, CEA, and then SPEAR and DORIS. The next generation of e e machines is just beginning to impact particle physics, the PETRA turn-on having occurred some months ago, and the turn-on's of PEP and CESR being due to occur later this year.
In parallel, the large proton-proton intersecting storage ring (ISR) at CERN opened its window onto ultrahigh-energy hadron-hadron collisions in 1970 and has since continuously contributed to the understanding of particle physics. The next generations of hadroniccollision machines will be the "modest" pp collidingbeam facilities at CERN and Fermilab in the early 1980's, and the large storage ring ISABELLE at Brookhaven a little later.
The expected and perhaps unexpected achievements of the new machines, including those turning on now or in the very near future will be the subject of subsequent talks by Bjorken and Richter. I Fig. 2 represent behavior of a single outgoing particle, after integration over all other particles. Much work has also gone into the study of particle correlations. single particle, the detection apparatus is triggered.
The terminology "jet" in this context is intended to describe a group of hadrons of relatively high energy, with transverse momenta relative to the direction of the total momentum of order of a few hundred MeV/c. If the longitudinal momentum of each of the particles in the jet is much greater than this, they become highly correlated in direction, hence the name. The natural interpretation of such jets, if indeed one observes them, is that they arise from quarks or perhaps gluons which "dress" themselves into hadrons. Thus the study of events with high transverse momentum jets is in a real sense a study of the scattering of the basic constituents of hadrons. As mentioned above, the trigger for such events has usually been the presence of a single particle with high PT. Fig. 4 .
If one had a 4i detector of perfect efficiency one would detect for each high-PT trigger all four of the jets shown in Fig. 4 Figure 6 shows the strong rapidity correlations between the triggering particle and other particles in the same region of azimuth. Figs. 6 and 7. More recently, the spectator jets (see Fig. 4 ) have also been observed and studied. In general the results support the picture implied by Fig. 4 system transforms into a massive photon; i.e., an object which has all the properties of the usual photon, except for the fact that it is at rest and has a mass equal to twice the beam energy. This photon almost immediately transforms into the final-state particles. The beauty of this process is that nature's basic objects, the The quantity R plotted in the figure is actually the ratio of hadronic annihilation cross section to muon pair cross section. Fig. 9 . Indeed the peak at 3770
MeV seen in the DELCO and SLAC-LBL data arises from a cc state which decays almost exclusively to D°D°or D+D-pairs. The D's decay further into hadrons and manifest themselves as effective mass peaks as seen in Fig. 12 Fig, 11 . (GeV/c2) As I said earlier the strength of the e+e7 storage ring is its ability to make quark-antiquark and leptonantilepton pairs, but so far I have only talked about the quarks. The leptons which have long been known are the electron and muon with their associated neutrinos. The existence of two objects like the electron and muon with just the same interactions and differing in all their properties only in consequence of their mass difference has long been an outstanding puzzle. A natural question is whether yet heavier objects in this sequence exist. Such objects are much more difficult to detect since their lifetime is expected to be short (S 10-12 sec); and, unlike muons, they will be too massive to be the decay products of other common long-lived objects. The process of Fig. 8 solves this difficulty of production provided that the lepton mass be substantially lower than the maximum beam energy. The problem of detection has been solved through use of the fact that such a lepton would decay copiously into both evv and pvi final states. The simultaneous detection of a high energy electron and an oppositely-charged muon with no detectable associated particles is then a good signature, remarkably free of most backgrounds. Indeed a signal of a few such e+±> events was detected at SPEAR about four years ago. There is no time to tell the whole story, but further experiments at DORIS and at SPEAR confirmed the original indications, and there is now extremely compelling evidence for the T-a new charged lepton with its own associated neutrino, of mass 1.78 GeV/c2, differing from its lighter brothers only through the kinematical consequences of its higher mass.
Because the T decays largely into final states with only one charged particle the process e+e e+ + one charged particle (not electron) is a copious source of T's. Figure 13 figure beautifully shows the production near threshold of this new lepton. From these data come a very precise mass measurement and clear demonstration that the spin of the object is 1/2 as expected. There are many other data to demonstrate that indeed the particle whose threshold is exhibited in Fig. 13 has all the attributes expected for a heavy muon.
To finish my brief discussion of e+e-results, I
come back to the process we started with, namely e+e -* y -qq and note that as shown in Fig. 8 the quarks dress themselves as hadrons (just as in our discussion of high PT at the ISR). At high enough energy, the hadrons will come off as two opposite jets of highly correlated particles. There are predictions for the cross section and angular distributions of the quark pairs which should be reflected in the hadrons. Suffice it to say here that these predictions are borne out by experiment and that further one can relate the dressing of the quarks in this process to that which takes place in high PT hadron reactions. Thus a self-consistent picture which interrelates many different phenomena in terms of the behavior of basic constituents is emerging.
It is not uncommon to hear particle physicists refer to the "November Revolution," alluding thereby to the discovery of the J/r at BNL and SPEAR in November 1974.
What in large measure however made these discoveries the threshold of a new period of rapid progress was the incredible productivity of the storage rings SPEAR and DORIS and the flexible detectors in their interaction regions. 
